Chemical methods for detecting phycotoxins: LC and LC/MS/MS by Riobó, Pilar et al.
CHAPTER: Chemical methods for detecting phycotoxins: LC and LC/MS/MS 
 
Riobó, P.1; López, E.2; Franco, J.M.1 
 
1 Instituto de Investigaciones Marinas. Unidad Asociada de Fitoplancton Tóxico (CSIC-
IEO). Vigo 
2 Laboratorio de Sanidad Exterior. Ministerio de Política Territorial y Administración 
Pública. Vigo 
pilar.riobo@vi.ieo.es 
 
CONTENTS 
 
1. Abstract 
2. Hydrophilic toxins: 
2.1. PSP toxins: STX group 
2.2. ASP toxins: Domoic Acid 
3. Lipophilic toxins 
3.1 General extraction procedure 
3.2 DSP toxins: Okadaic Acid group 
3.3 AZP: Azaspiracids 
3.4 Palytoxins 
3.5 Ciguatoxins 
3.6 NSP: Brevetoxin 
4. Lipophilic toxins whose effects have not been demonstrated in humans 
4.1 YTX group 
4.2 PTX group 
4.3 Cyclic imines group: Espirolids, Gymnodimines, Pinnatoxins and 
Pteriatoxins 
5. Conclusion 
6. Acknowledgements  
7. References 
 
1. ABSTRACT  
 
Phycotoxins are natural products which are generally synthesized by marine microalgae, 
especially those belonging to the dinoflagellates group. Approximately 20 species of 
dinoflagellates and a smaller number of diatoms are currently known to produce 
phycotoxins and these account for less than 2% of all microalgae species. They  are 
known to produce intoxication syndromes throughout the food chain from tropical to 
polar latitudes (Hallegraeff, 1993). Marine biotoxins are non-proteinaceous compounds 
with vastly differing structures, whose molecular weights lie between 250-3500 daltons.   
Their physico-chemical properties vary according to their polarity, lipophylic nature, 
thermal stability, sensitivity to pH, oxygen and light, etc. Danger of biotoxins poisoning 
for humans lies in their acute and chronic effects. Consumption of seafood 
contaminated with marine biotoxins may cause serious diseases that affect: the nervous 
system in paralytic shellfish poisoning (PSP), the intestinal system in diarrheic shellfish 
poisoning (DSP), and loss of memory in amnesic shellfish poisoning (ASP). Other well 
known toxins that have been identified in seafood from several countries are 
Brevetoxins (BTXs), Ciguatoxins (CTXs), Palytoxins (PLTXs) and tetrodotoxins 
(TTXs). Their mode of action is not clearly known, (Hu, et al., 2001; Miles, et al., 
2000) and involves a variety of receptors and metabolic processes, wherein some 
activate or block sodium channels, while others activate calcium channels. Some of 
them are glutamate agonists or inhibitors of protein phosphatases.  
On the other hand, this group of pharmacologically active marine products includes 
some very powerful of the so-called "fast acting toxins" such as spirolides (SPXs) and 
gymnodimines (GYMs). Risk assessment for the presence of phycotoxins has not been 
an easy matter until now. Pragmatic decisions are normally taken during a bloom. The 
fact that marine biotoxins pose a risk to human health has led many countries to 
establish regulations for controlling the presence of these toxins in products of marine 
origin. Several countries have set specific limits for certain marine toxins in bivalves 
and fish. Methodology seems to be a common problem when implementing safe and 
effective control. 
The first empirical scientific observations on harmful algal blooms and toxic mussels 
were reported in 1937. Mouse bioassay was the method developed at the time for 
detecting toxins produced by such microalgae and has been the standard method applied 
for years. All analytical methods described below have been therefore evaluated against 
bioassays. 
The mouse bioassay method has an unquestionable value in sanitary control and food 
safety because it examines the response to toxins in a living organism and permits 
detection of new toxins. However, there is a growing concern nowadays due to poor 
specificity of the method and for reasons of animal welfare. Alternative assays and 
chemical analysis have been developed, which can be valuable tools for determination 
of biotoxins. The liquid chromatography (LC) method with ultraviolet (UV) and/or 
fluorescence detection (FLD) was the first analytical technique to be used. During the 
last decade, the introduction of LC coupled with mass spectrometry (MS) methods has 
led to significant progress in the field of marine toxins analyses. Optimisation and 
validation of these methods and development of standards and reference materials is 
currently the main target in the field of marine toxins. 
This chapter focuses on the different chemical methods used for detecting and 
quantifying biotoxins and furthermore looks into single-laboratory validation and inter-
laboratory validation studies that have been carried out or are ongoing.  
 
2. HYDROPHILIC TOXINS 
 
2.1 PSP TOXINS: STX GROUP 
 
2.1.1 INTRODUCTION 
 
The earliest documented report of intoxication by PSP occurred in Canada, in 1798, and 
involved poisoning through mussel consumption in 1793, of several crew members of a 
ship exploring the British Columbia coastline (Kao, 1993).  
PSP is a common seafood toxicity problem with worldwide distribution, and this illness 
typically arises due to consumption of seafood products contaminated with neurotoxins 
that are collectively known as saxitoxins (STXs). Shellfish store and concentrate these 
toxins with no apparent damaging effect on them.  
The main producers of STX and derivatives are dinoflagellates and cyanophyceae. 
Three marine dinoflagellate genera (Alexandrium, Gymnodinium and Pyrodinium) are 
particularly responsible for PSP in humans. This family of neurotoxins binds to voltage-
gated sodium channels, thereby attenuating action potentials by preventing the passage 
of sodium ions across the membrane. 
Symptoms of human PSP intoxication include tingling, numbness, headaches, weakness 
and difficulty in breathing. Medical treatment consists of providing respiratory support 
where fluid therapy can be used to facilitate toxin excretion. 
Therefore, accumulation of PSP toxins in shellfish leads to a serious public health 
hazard, which affects the fisheries industry. Thus, many countries have developed 
monitoring programs and regulatory systems that include routine sampling of bivalves 
for detecting presence of biotoxins and examination of water samples for presence of 
toxin producing phytoplankton. 
The AOAC mouse bioassay method for PSP toxins is currently the reference method in 
the European Union (AOAC, 2000). However, controversy still prevails on 
methodology to be used in monitoring programmes for determination of PSP toxins. 
Regulation nº 853/2004 of the European Union, which defines PSP toxins limits in 
shellfish for human consumption, provides the possibility of using analytical and 
biochemical methods instead of the mouse bioassay for evaluation of PSP toxins. The 
European Union has recently introduced the possibility of using the Lawrence method 
(Lawrence, et al., 1991; EC, 2006), which is based on liquid chromatography with 
fluorescence detection and pre-column derivatization, for evaluation of PSP toxins. 
Chromatographic methodologies have the advantages of being highly sensitive and 
selective for toxin detection. The ones proposed are based on liquid chromatographic 
separation and fluorescence detection with pre-column or post-column derivatization, as 
well as methods based on hydrophilic interaction chromatography and mass 
spectrometry detection.  
 
2.1.2 CHEMISTRY 
 
PSP toxins are a naturally occurring group of neurotoxic alkaloids. Saxitoxin (STX) is the 
most researched to date, and 57 analogues have been described ever since its discovery in 
1957 (Wiese, et al., 2010). The PSP toxins can be broadly characterized as hydrophilic or 
hydrophobic and can be divided into subgroups based on substituent side chains such as 
carbamate, sulphate, hydroxyl, hydroxybenzoate or acetate. Each moiety then imparts a 
varying level of toxicity. Only 18 of such analogues clearly present the characteristic 
biological activity of this syndrome. Recently described analogues include deoxy-
decarbamates, types with an alcohol group, etc. and are known to have low toxicity or 
no toxicity at all.  
PSP toxins are soluble in water as well as in mixtures of organic solvents (methanol, 
ethanol, acetonitrile and water). They are very stable in acidic media and extremely 
unstable in alkaline conditions or in the presence of oxygen. Their maximum UV 
absorbance ranges between 200 and 210 nm. 
 
 
2.1.3 EXTRACTION PROCEDURES 
 
Sample extraction is an important step in any analytical method. The extraction protocol 
for shellfish samples described in the AOAC (AOAC, 2000) involves extraction with 
hydrochloric acid followed by boiling. This extraction procedure may lead to partial 
hydrolysis of certain PSP toxins (C1, C2, C3, C4, GTX5 and GTX6) into more toxic 
analogues (GTX2, GTX3, GTX1, GTX4, STX and neoSTX). Such conversion process 
can also occur in the human stomach and therefore this extraction procedure can be 
considered as a reasonable approach to estimate any potential sample toxicity (CEN, 
2003). 
The main difficulty faced, when determining these toxins, lies in the extraction 
procedure used for molluscs due to their complex matrix. Proteins, polysaccharides and 
pigments contained in shellfish are co-extracted with toxins. These compounds do not 
interfere in the determination of toxins but rather affect the life of columns, since 
pigments are fixed in the pre-filters and the column head. Therefore, double peaks or 
peaks with very exaggerated tails are observed to appear in chromatograms after 50 or 
60 sample injections from the LC post-column determination. 
A cleanup system based on matrix dispersion and reversed-phase using Oasis HLB or 
LiChroprep type RP18 phases has recently been tested. Preliminary results show a 
pigment content reduction by about 50-60% while maintaining recoverability of toxins 
between 85 and 100% (Riobó, et al., 2010) . 
 
2.1.4 CHEMICAL METHODS 
 
At present, the mouse bioassay (MBA) is the reference method for analysing PSP 
toxins. This bioassay unambiguously provides evidence of potential toxicity of the 
sample and leads us to the conclusion that this method should not be discarded. 
However, MBA is considered undesirable for ethical reasons, and therefore the 
importance of developing analytical methods for detecting PSP toxins.  
 
 
2.1.4.1 LC-FLD methods. PSP toxins do not have chromophores and so cannot 
normally be detected by UV or fluorescence detection methods. In 1975, an alkaline 
oxidation step leading to purine derivatives was developed for PSP toxins, and this 
facilitated their detection by fluorescence. Such fluorometric method was thereafter 
recommended for PSP determination in addition to the mouse bioassay method (Bates, 
et al., 1975). The sample is first acidified and fluorescence intensity of the oxidation 
products is then measured in solution.  The two chromatographic methods currently 
used, namely; post-column and pre-column oxidation, are based on this principle. 
Sullivan´s group (Sullivan, et al., 1984) succeeded in separating underivatized PSP 
toxins by ion-pair chromatography in 1984, through addition of alkyl sulfonic acids 
followed by post-column oxidation with periodic acid. However, coelution of STX and 
dc-STX represented an important disadvantage because the toxicity value of STX is 
double that of dc-STX and gives rise to an incorrect total PSP toxicity. 
 
  
Therefore, toxins must be individually ascertained when comparing LC results with 
results from the mouse bioassay method. In 1989, Oshima´s group described an entire 
separation of the main toxins of the PSP complex (Oshima, et al., 1989). However, the 
method proposed by Oshima requires three separate isocratic runs to analyze most of 
the PSP toxins and is slow and labour-intensive. These two early works later led to the 
development of  different methodologies, which  are basically minor variations of the 
ion pair and the column(Diener, et al., 2006; Franco, et al., 1993; Rourke, et al., 2008). 
 
 
The post-column oxidation method described by Franco and Fernández-Villa was 
standardised as the CEN method 14194 (Van Egmond, et al., 1994). In this study the 
results of three laboratories were selected to demonstrate the validation only for STX 
and dcSTX. A validation exercise is currently being carried out using the post-column 
oxidation method proposed by Rourke for the main PSP toxins (Rourke et al., 2008). 
 
Post column oxidation methods are highly specific, sensitive, and MBA extract can be 
used in this determination. Furthermore, they lead to separation and quantification of 
the nine toxins which almost represent the total toxicity in mice based on toxic 
equivalency proposed by Oshima (Oshima et al., 1989):GTX4 (73); GTX1 (99); 
dcGTX2 (65); dcGTX3 (75); GTX2 (36); GTX3 (63); neoSTX (92); dcSTX (50) and 
STX (100). 
 
Another chromatographic method in use is the LC with pre-column oxidation. This 
method is conceptually simple, since oxidation and acidification take place first and 
theoretically the separation of the reaction products takes place in a LC column 
(Lawrence, et al., 2005) . 
The main advantages of the pre-column LC-method are two-fold: it can be automated 
and it has been successfully validated for 12 STX analogues. But this method presents 
important disadvantages. Firstly, the MBA extract is not useful for this method and 
secondly, different peaks are produced by the periodate oxidation coelute like in the 
case of dc-STX and dc-NEO oxidation peaks. Two additional peaks are generated in the 
derivatization reaction of GTX1,4 and dc-GTX2,3. These confused chromatograms 
complicate the proper identification and quantification of the many PSP toxins, which 
could be a limitation when handling a large number of samples in a monitoring 
program. 
An inter-laboratory exercise was conducted by the Community Reference Laboratory 
(CRL) to evaluate “fitness for purpose” of the Lawrence method, in order to use it as the 
official control method for STX-group toxins in EU laboratories (Botana, et al., 2007). 
These results were satisfactory, but emphasised the need for having trained staff and 
easy availability of standards. 
 
The European Union decided to replace the Oshima relative toxicity values established 
for each PSP analogue by the toxic equivalency factors (TEFs). These TEFs 
overestimate toxicity when compared to that obtained by Oshima's method. Assuming a 
common mode of action, the toxicity of the STX-group toxins is expressed as the sum 
of STX equivalents determined by LC techniques. Until better information becomes 
available, the following TEFs are to be adopted, based on acute toxicity following i.p. 
administration in mice: STX = 1, NeoSTX = 1, GTX1 = 1, GTX2 = 0.4, GTX3 = 0.6, 
GTX4 = 0.7, GTX5 = 0.1, GTX6 = 0.1, C2 = 0.1, C4 = 0.1, dc-STX = 1, dc-NeoSTX = 
0.4, dc GTX2 = 0.2, GTX3 = 0.4 and 11- hydroxy-STX = 0.3 (See chapter 8). 
 
2.1.4.2 LC-MS methods. Electrospray ionization mass spectrometry (ESI-MS) is 
effective for detection of polar PSP toxins, which are quite basic and therefore form 
stable [M+H]+ ions. Thus, direct detection of underivatized PSP toxins is possible using 
a mass spectrometer as detector (Dell_Aversano, et al., 2005; Quilliam, 2003a), by 
using hydrophilic interaction liquid chromatography (HILIC) and mass spectrometry for 
the analysis of PSP toxins.  
However, GTXs do not separate completely in a TSK-gel Amide-80 column, e.g., GTX-
1 coelutes with GTX-2. Thus, the method can only be applied in combination with MS. 
Furthermore, variable retention times for PSP toxins in different seafood matrixes were 
observed.  
At present, it is not possible achieve complete separation of all relevant PSP toxins for 
regulatory purposes and furthermore, sensitivity of MS detection is insufficient to 
control seafood at the regulatory limit established for PSP toxins (800 µg STX 
equivalents Kg-1 wet weight of soft tissues (Diener et al., 2007). 
 
 
 
2.2. ASP TOXINS: DOMOIC ACID 
 
2.2.1 INTRODUCTION: A FEW HISTORICAL FACTS 
 
Extracts of the red macroalgae Chondria armata, whose Japanese name is hanayanagi 
or domoi, have been used in traditional Japanese medicine for its anthelmintic 
properties. Domoic acid was isolated from Chondria armata and its chemical structure 
was described for the first time in 1958 (Takemoto, et al., 1958). It was synthetically 
prepared in 1982 (Ohfune, et al., 1982). 
Even though domoic acid presents some pharmacological activity, it did not arouse any 
public health interest until three decades after its isolation. Domoic acid was for the first 
time associated with toxic syndrome in humans (amnesic shellfish poisoning, ASP) at 
the end of 1987, in Canada, after a serious food poisoning episode that affected more 
than a hundred people (Quilliam, et al., 1989b). Poisoning in this incident was caused 
by ingestion of toxic blue mussels (Mytilus edulis)  and the primary source of domoic 
acid was found to be the diatom Pseudonitzchia pungens f. multiseries (Bates, et al., 
1989).  
Domoic acid producing seaweeds (Chondria armata, Alsidium corallinum, 
Pseudonitzschia pungens f. multiseries, Pseudonitzschia Australis, Pseudonitzschia 
calliantha) have a worldwide distribution. Therefore, domoic acid has been isolated 
from many animal species that are present in the human diet such as, anchovies (Fritz, 
et al.), razor clams, dungeness crabs (Wekell, et al., 1994), king scallops (Blanco, et al., 
2002), squid (Bargu, et al., 2008) and cuttlefish (Costa, et al., 2005) . 
 
2.2.2 DESCRIPTION OF DOMOIC ACID (DA) STRUCTURE: PHYSICO-
CHEMICAL CHARACTERISTICS  
 
Domoic acid is a secondary amino acid belonging to the kainic amino acid group. Its 
chemical structure closely resembles that of kainic acid. Kainic acid was isolated from 
the seaweed Diginea simplex and belongs to the same family as Chondria armata 
(Takemoto, 1978). 
Both amino acids present neuroexcitatory and neurotoxic activities. Some of domoic 
acid's structure is similar to that of glutamic acid. And this is why domoic acid behaves 
as a glutamate receptor agonist, especially in kainic receptors (Meldrum, 1987) of the 
central nervous system. Continuous activation of this kind of receptors leads to an 
excessive accumulation of calcium in the cell. Cellular death is the final output.  
Domoic acid is a small molecule (molecular weight 311.14 Da). Its three carboxylic 
groups make it highly hydrophilic and polar. 
Domoic acid shows limited stability when exposed to factors such as high temperatures, 
extreme pH, and aqueous solutions over time. The main decomposition product after 
high temperature and time exposure is 5’-epi-domoic acid.  
Nine domoic acid isomers have been described to date and just 4 isomers from the 
entire group have been found in shellfish extracts (5’-epi-domoic acid and isodomoic 
acid D, E and F) (Walter, et al., 1994; Wright, et al., 1990). 
 
2.2.3 CHROMATOGRAPHIC DETECTION METHODS:  
 
Mouse bioassay (MBA) for Domoic Acid (DA) is based on the AOAC mouse bioassay 
for the saxitoxin (STX)-group of toxins (AOAC Official method 959.08). It involves 
acidic aqueous extraction through boiling and intraperitoneal injection of 1 mL of the 
extract into the mouse. Although it was used to detect DA during the first ASP incident 
in Canada, signs (such as scratching of shoulders using the hind leg, sedation-akinesia, 
rigidity, convulsions and death) are observed in mice when DA is present at levels 
starting at approximately 40 mg/kg, even though the regulatory limit is at 20 mg/kg 
(Ciminiello, et al., 2005). Therefore MBA is not capable of checking for compliance 
with the regulatory limit and thus LC is prescribed as the determination method in the 
EU legislation. 
 
2.2.3.1 UV Detection. During the 1987 Canadian food poisoning outbreak investigation 
(Blanco et al., 2002), a LC-DAD was performed in order to compare both toxic and 
control shellfish samples. It came to light that within the suspicious samples, there was 
a compound whose absorption spectrum showed a maximum at 242nm. The compound 
eluted right after tryptophan which has a maximum absorbance at 220 and 280 nm.  
The above meant that monitoring shellfish and phytoplankton samples was necessary in 
order to protect public health. Quilliam MA et al. (Quilliam, et al., 1989a) prepared a 
protocol where extraction was done by boiling shellfish samples in water or by 
sonication of phytoplankton samples. The LOD was 0.3 ng. A clean-up phase was 
needed to remove low-polarity substances present in order to avoid problems during the 
selected LC-DAD chromatographic conditions.  
Chromatographic conditions included 10% aqueous acetonitrile containing 0.1% 
trifluoroacetic acid mobile phase. A mobile phase pH of 2-3 is needed in order to 
suppress ionization and subsequent tailing due to the characteristics of the three 
carboxyl groups and one secondary amino group. The stationary phase consisted of a 
reverse-phased octadecyl silica column such as those previously used in the analysis of 
other peptides. 
The AOAC paralytic shellfish poison extraction procedure based on boiling with 0.1M 
HCl (Lawrence, et al., 1989a) led to worse domoic acid recoveries in both naturally 
contaminated and spiked samples, than the boiling water extraction approach. The 
stability of the acid extract however proved not to be as good as the one obtained after 
boiling water extraction. LOD is 1 mg/kg. A collaborative study was carried out by 
Lawrence et al., 1991.  
Presence of domoic acid could also be confirmed using LC-UV in molluscan samples 
by derivatization with phenylisothiocyanate (PITC) of the amino group or esterification 
of the three carboxylic groups (Lawrence, et al., 1989b). Prior to derivatization, a clean-
up step with SPE cartridges is a must. 
Quilliam, et al., 1995, showed that a single aqueous 50% methanol extraction provided 
excellent recovery data (ca. 98%).  Moreover, stability of domoic acid in methanolic 
extracts was better than that obtained in acid extracts. Extraction was followed by a 
clean-up phase compatible with aqueous methanol extracts and based on strong-anion 
exchange (SAX). Use of SAX-SPE cartridges was also reported in previous years and 
gave a high degree of cleanup such that all tryptophan was eliminated from the extracts 
(Hatfield, et al., 1994; Quilliam, et al., 1991). 
 
2.2.3.2 FLD Detection. Even though compliance of set regulatory limits in seafood 
samples for domoic acid could be easily achieved with the use of LC-UV, there was still 
a growing interest for decreasing detection and quantification limits of domoic acid 
applicable to seawater and phytoplankton sample analyses. Such decrease could only be 
achieved by derivatization of the domoic acid molecule with a fluorescent reagent. 
None of the LC-FL methods have been subject to an inter-laboratory validation process. 
Besides lowering LOD and LOQ, the fluorimetric approach for analysing shellfish 
samples also removes other compounds with chromatographic properties that are 
similar to domoic acid.  One such is tryptophan, which easily interferes in the LC-UV 
analysis (James, et al., 2000). 
9-fluorenylmethylchloroformate (FMOC-Cl) was chosen as the derivative reagent 
because it quickly reacts with secondary amino acids at the basic pH of seawater 
(optimal reaction pH is 7.5 ± 0.2) and because derivative stability lasts as long as seven 
days at room temperature (Pocklington, et al., 1990). Reaction time is as little as 45 
seconds. The main drawback of this procedure was the extraction of excess FMOC-Cl 
reagent in order to avoid interference with domoic acid derivative. This was achieved by 
mixing with ethyl acetate. Fluorescence detector conditions are: λ ex = 264 nm and λ 
em = 313 nm. The LOD for domoic acid in seawater and phytoplankton aqueous 
extracts is 15 pg/ml. 
The use of 6-aminoquinolyl-N-hydroxysuccinimidyl carbamate (AQC), a previously 
known amino acids derivatizing reagent (Sun, et al., 1999) has also been reported. Its 
main advantage is that any excess reacts with water and forms products that do not 
interfere with the domoic acid derivate elution. The new structure formed by AQC and 
domoic acid is stated to be stable and this protocol was successfully applied to 
phytoplankton analysis. Fluorescence detector conditions are: λ ex = 250 nm and λ em = 
395 nm. 
Another derivatizing reagent studied in seafood and phytoplankton analysis was 4-
fluoro-7-nitro-2,1,3-benzoxadiazole (NBD-F) because it is very reactive with amines 
under mild conditions and produces highly fluorescent products (Pleasance, et al., 
1990b). No extraction of derivative reagent excess is needed. Fluorescence detector 
conditions are: λ ex = 470 nm and λ em = 530 nm.  
NBD-F reagent was also applied to seawater samples after being pre-concentrated using 
a sol-gel amorphous titania as a solid-phase sorbent. (Chan, et al., 2007) 
 
2.2.3.3 MS Detection. Confirmation of domoic acid by spectroscopic methods has been 
in use since the beginning of the Canadian toxic outbreak investigation. (Blanco et al., 
2002). Toxic fractions isolated from LC were analysed by fast atom bombardment mass 
spectrometry (FAB-MS).  
The development of the more accurate LC-MS method is currently drawing more efforts 
from researchers despite the GC-MS being the most widely used method to date for 
analysing shellfish samples.  The LC-MS has also undergone several clean-up protocols 
and derivatizations.  
Tandem mass spectrometry experiments for domoic acid determination in shellfish 
(Furey, et al., 2001; Hess, et al., 2001; Holland, et al., 2003; Pardo, et al., 2007; Piñeiro, 
et al., 2001) as well as in seawater and phytoplankton samples (Wang, et al., 2007) are 
also available. A recently published study for analysing domoic acid in seawater is 
based on rapid resolution liquid chromatography tandem mass spectrometry with head-
column trapping (De la Iglesia, et al., 2008). Mass spectrometry has proved to be a 
more convenient alternative to the FMOC derivatization LC-FD method (Mafra, et al., 
2009) at trace domoic acid levels in seawater and phytoplankton. 
 
3. LIPOPHILIC TOXINS 
 
3.1 GENERAL EXTRACTION PROCEDURE 
 
Most extraction and purification processes for biological and chemical determinations 
of lipophilic toxins follow a general procedure with slight modifications except in case 
of brevetoxins and ciguatoxins (extraction procedure for these toxins is detailed in their 
correspondent section). 
Methanol or 80% Methanol with a wet weight:volume ratio  of 1:3 are the most 
common solvents used to extract the toxins. The following steps can include partitions 
with hexane for elimination of non-polar materials such as pigments, triglycerides, etc. 
And lastly, an optional purification step using solid phase extraction cartridges may be 
required depending on the matrix (Alcala, et al., 1988; Beress, et al., 1983; Fukui, et al., 
1987; Hirata, et al., 1988; Kimura, et al., 1973; Lau, et al., 1993; Lau, et al., 1995; 
Mahnir, et al., 1992; Moore, et al., 1971; Oku, et al., 2004; Onuma, et al., 1999; Teh, et 
al., 1974; Uemura, et al., 1985; Yasumoto, et al., 1986). Polyps, molluscs, crabs and 
fish have the most complex matrixes. Extraction method can be simplified when 
dinoflagellates samples are obtained from cultures or from seawater since the matrix is 
less complex and the amount of lipophilic compounds is smaller than in molluscs and 
fish.  
 
3.2. DSP TOXINS: GROUP OF OKADAIC ACID-TOXINS  
 
3.2.1. INTRODUCTION 
 
Three groups of polyether toxins, namely; okadaic acid group (OAs), yessotoxins 
(YTXs) and pectenotoxins (PTXs) have been traditionally called DSP toxins 
(Yasumoto, et al., 1987) because they often co-occur and their toxins are co-extracted in 
the same lipophilic fraction from plankton samples and shellfish. Furthermore, the three 
groups are detected together by mouse bioassays. Nowadays, it is known that these 
three groups of toxins have different biological effects, wherein only the OAs are 
diarrhoegenic. They can be analyzed with distinct analytical methods, a fact, that 
recently led European health authorities to regulate them separately (Commission, 
2002). 
OAs are mainly produced by planktonic marine dinoflagellates of the genus Dinophysis, 
but there are also a few references about their presence in bivalves associated with the 
epibenthic Prorocentrum spp (Lawrence, et al., 2000). 
Toxins causing DSP were first reported in Japan in 1978 (Yasumoto, et al., 1978). Until 
then, DSP events were probably often mistaken for gastroenteritis of bacterial origin. 
These severe gastrointestinal outbreaks occurred in Japan after consumption of mussels 
(Mytilus edulis) and scallops (Patinopecten yessoensis). One person affected by such 
event was the eminent Japanese chemist, Prof. Takeshi Yasumoto. His natural curiosity 
drove him to research into the causes of intoxication after eating cooked bivalves.  He 
was finally able to isolate two fat-soluble thermostable toxins and to implement a MBA 
that allowed quantification of this kind of toxicity. Two years later, Yasumoto´s group 
identified the dinoflagellate D. fortii as the causative agent of the intoxications 
(Yasumoto, et al., 1980). OA, a polyether previously isolated and described from the 
sponge Halichondria okadai (Tachibana, et al., 1981), was finally identified by Murata 
and co-workers (Murata, et al., 1982) as the main bioactive compound responsible for 
DSP. Since then, occurrences of OA-group toxins in shellfish have been reported from 
almost all regions of the world, where Europe and Japan appear to be the most affected 
areas. Species of Dinophysis became target organisms in new phytoplankton monitoring 
programmes established in the 1980s. New phytoplankton sampling and counting 
protocols were established so as to be able to detect Dinophysis spp in the water 
column, even at very low concentrations (<102 cell·l-1), and alert health and fisheries 
authorities of the imminent arrival of toxins to shellfish resources (Lindahl, 1986). 
In the mid 1980s, the list of published polyether toxins associated with Dinophysis spp 
events started to grow. Besides the dinophysis toxins (DTX1, DTX3), derivatives of 
OA: two new groups of polyether toxins, namely PTXs (Yasumoto, et al., 1984a) and 
YTXs (Yasumoto et al., 1987) were described. Both of these new groups were obtained 
from lipophilic extracts by the same extraction procedure used for OA, and could be 
detected in the standard mouse bioassay applied for control of DSP toxins in shellfish. 
Consequently, PTXs and YTXs, together with OAs, were all included in the DSP toxin 
complex. In 1995 some intoxication with the typical DSP symptoms were detected in 
the Netherlands after consumption of mussels from Ireland. Since these mussels 
contained only traces of okadaic acid and DTX2, presence of unknown diarrhoeic toxins 
was suspected. Subsequent research discovered a new group of toxins called the 
azaspiracids, which were found to be the causative compounds (Satake, et al., 1998b). 
In 2003 heterotrophic dinoflagellates of the genus Protoperidinium were identified as 
the causative agent of Azaspiracid Shellfish Poisoning (AZP) in samples picked from 
natural populations (James, et al., 2003a). Although azaspiracids cause diarrhoea in 
humans they have never been included in the DSP group. 
 
3.2.2. CHEMISTRY 
 
Okadaic acid (OA) and its congeners dinophysistoxin-1(DTX-1), dinophysistoxin-2 
(DTX-2) and dinophysistoxin-3 (DTX-3) are the main toxins responsible for the DSP 
syndrome (Yasumoto, et al., 1985). They are heat-stable polyether compounds (FAO, 
2004; McCarron, et al., 2007; Yasumoto, et al., 1990) that are highly soluble in organic 
solvents such as methanol, acetone, chloroform or dichloromethane. OA derivatives 
have different polarities and consequently their solubilities in organic solvents are 
extremely variable. Acyl-derivatives (DTX3) and diol-esters are less polar than their 
original toxins. On the other hand, oxidised derivatives of diol-esters, DTX4 and DTX5, 
are more polar than their corresponding toxins and their solubility in some organic 
solvents such as dichloromethane or hexane is reduced, especially in the case of the two 
latter types, DTX4 and DTX5, which are water-soluble.  
These lipophilic compounds are accumulated in the digestive gland (hepatopancreas) of 
shellfish and have been isolated from mussels and scallops. They are one of the active 
principles causing DSP syndrome (Murata et al., 1982).  
However, the real producers of these metabolites found in molluscs are planktonic 
dinoflagellates of the genus Dinophysis spp. (Yasumoto, 1980) such as Dinophysis 
acuminata, Dinophysis acuta, Dinophysis rotundata, Dinophysis norvergica; and 
benthic species of the genus Prorocentrum spp. (Murakami, et al., 1982) such as 
Prorocentrum lima, Prorocentrum belizeanum, Prorocentrum concavum, Prorocentrum 
maculosum.  
OA and DTXs are polyketide compounds containing furane and pyrane-type ether rings 
and an alpha-hydroxycarboxyl function, the difference between them being only the 
number or position of the methyl groups. Their molecular masses are around 810 Da. 
These toxins can be classified into two different groups: a) OA esters and okadaates 
including the OA diol-esters (Hu, et al., 1992; Norte, et al., 1994; Paz, et al., 2007a; 
Suárez-Gómez, et al., 2005; Suárez-Gómez, et al., 2001). b) Other recently reported 
related compounds with changes in the OA backbone or the absence of the hydroxyl 
group at C-2 or C-7 (Blanco, et al., 2005) are norokadanone (Fernández, et al., 2003), 
19-epi-okadaic acid (Cruz, et al., 2007; Paz, et al., 2008a) and belizeanic acid (Cruz, et 
al., 2008). The first group of OA derivatives differ from the original toxin mainly in: i) 
the esterification of the hydroxyl group at the C7 position with fatty acids of a different 
chain length but typically C14 to C18, saturated or unsaturated, to produce DTX3 
compounds. They were originally described as a group of DTX-1 derivatives, but it was 
later shown that OA and DTX-2 may be similarly acylated. The most predominant fatty 
acid identified in acylated derivatives is reported to be hexadecanoic (palmitic, C16:0) 
acid (EU/SANCO, 21 to 23rd, May 2001; Wright, 1995). ii) The oxidation of the diol 
part of the molecules of the diol-esters. iii) The esterification of the diol-esters with 
sulphated chains, which may or may not include an amide function in the polar side 
chain, to produce DTX4 and DTX5, respectively; and iv) the lack of the hydroxyl group 
in C2 or C7. A significant portion of the total toxin content found in bivalves consists of 
acylated forms of the toxins. This fact is also dependent on the bivalve species involved; 
for instance oysters accumulate most of the DTXs while only about a half of the total 
might be present in mussels. Since acyl derivatives have only been detected in the 
digestive gland of contaminated shellfish, it has been suggested that they are a product 
of animal metabolism and are not produced de novo by the microalgae (Wright, 1995). 
In fact, transformation of DTX-1 to 7-O-acyl-DTX-1 has only been demonstrated to 
occur in the scallop Patinopecten yessoensis (Suzuki, et al., 1999). These acylated 
derivatives show an increased liposolubility as compared to their parent (unesterified) 
compounds and possess toxic activity upon hydrolysis in the human gastrointestinal 
tract. 
 
3.2.3 CHEMICAL METHODS  
 
Several published methods exist for detecting the OA-group of toxins in both plankton 
and bivalves. These methods can be divided into biological assays and chemical 
analytical methods. In assay methods, the measured signal is either a specific response 
to a single toxin structure or an integration of responses to several structures in a group. 
In order to use the assay result for evaluating seafood safety, it is most useful if an 
integrated response correlates with overall toxicity. In vivo assays are still applied 
widely for public health protection purposes, despite growing concern related to the use 
of such methods for reasons of animal welfare, and their inherent variability and 
interference with other biotoxins which may co-exist in a sample (EFSA, 2008). A 
chemical analytical method measures signals that correspond to a single toxin structure. 
Most analytical methods are based on separation methods and permit determination of 
several toxins in just the one analysis. Calculations of individual toxin concentrations 
require accurate standards to calibrate responses (which are either expensive or 
unavailable many times) and furthermore evaluation of seafood safety requires specific 
toxicity factors. The most common analytical method used for toxins is LC combined 
with different detection methods (Fluorescence, Mass Spectrometry) and Capillary 
Electrophoresis. These methods are mostly applied for research or confirmatory 
purposes. At present, two LC methods have been formally validated, one of them with 
fluorescent detection (LC-FLD) (CEN, 2004) and the other coupled with mass 
spectrometry (LC-MS)(EC., 2011). 
 
3.2.3.1 Liquid chromatography-fluorescence detection (LC-FLD) Several 
fluorometric LC methods have been developed for the detection of lipophilic toxins 
(Nogueiras, et al., 2003). Among chemical methods, Liquid Chromatography with 
fluorimetric detection (LC-FD) has been widely used for many years in the 
determination of OA and DTXs. Due to the lack of chromophores exhibited by these 
molecules, most methods are based on pre-column chemical derivatization of the toxins 
using fluorescent reagents and further separating and detecting the fluorescent ester 
derivatives. A number of derivatization compounds that react with the carboxyl group 
of OA and certain DTXs (DTX1, DTX2 and isomers) have been described in literature. 
Among these, the most widely used, because of its selectivity and sensitivity, is 9-
anthryldiazomethane (ADAM) (Lee, et al., 1987). Lee´s method is unable to detect 
acyl-derivatives such as DTX-3, diolesters, DTX-4 and DTX-5 due to their high 
molecular weight and lipophilicity. But their presence can be indirectly determined after 
alkaline hydrolysis of the extracts by converting DTX3 to its corresponding parent 
compound (Fernández, et al., 1996; Yasumoto et al., 1990). The ADAM procedure and 
its critical steps have been extensively researched into and some modifications have 
been introduced to improve the reliability of the method (Quilliam, 1995). Use of in situ 
produced ADAM has been proposed by Quilliam, et al., 1998. A thorough evaluation of 
LC methods showed that the ADAM method was the most reliable (Ramstad, et al., 
2001a; Ramstad, et al., 2001b) despite the poor stability of the ADAM reagent and the 
possibility of toxin losses during the silica column clean-up step required after 
derivatization. At present, this approach is the only inter-laboratory validated method 
for the OA-group of toxins. Other reagents studied include: 1-bromoacetylpyrene (BAP) 
(Dickey, et al., 1993), that showed better stability but lower selectivity and sensitivity 
than ADAM (James, et al., 1997); 3- bromomethyl-6,7-dimethoxy-1-methyl-2(1H)-
quinoxalinone (BrDMEQ); 9 chloromethylanthracene (CA) (Nogueiras et al., 2003); 
several cumarin derivatives (Luckas, 1992; Marr, et al., 1994; Shen, et al., 1991); 2-
(anthracene 2,3-dicarboximido); ethyl-trifluoromethanesulfonate (AE-Otf) (Akasaka, et 
al., 1996b), which can also be applied for DTX3 determinations (Akasaka, et al., 1996a) 
and luminarin-3 (James, et al., 1998). The latest fluorophore used is 1-
pyrenyldiazomethane (PDAM) (García, et al., 2003).  
 
3.2.3.2 Liquid chromatography-mass spectrometry (LC/MS)  
The development and application of liquid chromatography-mass spectrometry 
(LC/MS) for the determination of marine toxins over the last few years together with 
recent developments in multi-toxin analytical methods have led to great progress in the 
advancement of knowledge and management of the complex phenomenon of shellfish 
toxicity associated with lipophilic toxins. LC/MS is currently the most powerful 
analytical tool to identify and determine multiple toxins. Furthermore, collision 
experiments (MS/MS) can provide valuable structural information needed for 
confirmation of known toxin identities as well as for identification of new toxins.  They 
do not require the complex derivatization and purification steps needed for LC-FD 
methods. However, calibration standards are required for method development and 
quantitation. Furthermore, LC/MS methods can provide relevant information in the 
presence of closely related compounds of a known structure, even if the toxin standard 
for calibration is available only for one relevant toxin of the group. There are different 
types of commercially available mass spectrometers (single quadruple, triple quadruple, 
ion traps, time-of-flight, etc) that differ mainly in sensitivity and capability of providing 
ion fragmentation for structural information and selective detection. Two basic types of 
API sources are available: electrospray ionization (ESI) and atmospheric pressure 
chemical ionization (APCI). The ESI method has been frequently used for marine toxins 
because it is suitable for ionization of all known toxins. Although APCI has proved 
useful for some toxins, it is limited in that it requires an analyte to have some volatility 
and a fair amount of thermal stability. Several specific LC-MS methods differing in 
mobile phase, type of buffer, pH, ionic strength, stationary phase, electrospray mode 
(positive or negative), have been developed for the detection of OA, DTX-1 and DTX-2 
(Draisci, et al., 1998; MacKenzie, et al., 2005; Pleasance, et al., 1990a; Quilliam, 1995; 
Suzuki, et al., 2000), DTX-3 and diol esters of OA and DTX-1 (Hu et al., 1992; Marr, 
et al., 1992; Paz et al., 2007a; Suzuki, et al., 2004). Moreover, some multi-toxin 
detection methods have been developed for a range of toxins including OAs, YTXs, 
AZAs and several other lipophilic toxins (Aasen, et al., 2005b; Draisci, et al., 1999b; 
Stobo, et al., 2005; Suzuki, et al., 2005). Current existing LC/MS methods for the 
determination of lipophilic toxins and the influence of different features and parameters 
on the performance of LC/MS have been comprehensively reviewed by Quilliam 
(Quilliam, 2003b). An important issue to be taken into account when applying LC-MS 
is ionization efficiency of the analytes which may be significantly affected due to matrix 
components accumulated on the LC column after repeated injections. The inclusion of 
cleanup stages by solid phase extraction was suggested by Suzuki et al., 2000, to 
remove matrix effects. Interference with ionization may also vary from matrix to matrix. 
This effect was described previously by Ito and Tsukada (2001) (Ito, et al., 2001), who 
concluded that the suppression of the ionization efficiency due to co-eluting substances 
may cause variation in the responses, making quantification difficult by using pure 
standard solution, thus suggesting the use of standard addition methods for LC-MS 
quantification of DSP toxins. A LC-MS method for the detection of marine lipophilic 
toxins under alkaline conditions was recently developed by Gerssen (Gerssen, et al., 
2009b) in order to reduce the matrix effect. The use of a mobile phase containing 
ammonium hydroxide instead of formic acid substantially improved the separation of 
marine lipophilic toxins in this method. LODs for a number of toxins improved two to 
three-fold, partly due to better peak shapes and partly due to improved ionisation 
efficiency. As for OA, the LOD improved significantly from 22 pg (under acidic 
conditions) to 9 pg (under basic conditions).  
LC-MS is being used in routine testing of DSP and PTX toxins in New Zealand to 
manage commercial shellfish harvesting (McNabb, et al., 2003) and is currently applied 
to complement the mouse assay in monitoring programmes (Hess, et al., 2003). 
Moreover, an ultra-performance liquid chromatography mass spectrometry (UPLC) 
method was developed by Fux, et al., 2007.  
Recently, a liquid chromatography-mass spectrometry (LC-MS/MS) method for the 
determination of OA, PTX, AZA and YTX was validated under the coordination of the 
European Union Reference Laboratory on marine biotoxins (EU-RL) in an inter-
laboratory validation study carried out by Member States. On 10thJanuary 2011, this 
validated technique was recognised as a reference method for detecting lipophilic toxins 
(EC., 2011). Commission Regulation states that this method must be used routinely both 
for official controls at any stage in the food chain and for own-checks by food business 
operators. This Regulation will become applicable from first July 2011 onwards. 
 
3.2.3.3 Capillary electrophoresis (CE)  
Capillary electrophoresis is a technique that provides high resolution separation and 
requires a very small amount of sample. Several CE methods have been developed by 
Gago Martínez and collaborators (Gago Martínez, et al., 2003a; Gago Martínez, et al., 
2003b) . 
The capillary electrophoresis method is particularly attractive for plankton research 
where sample size may be limited. It is relatively inexpensive, minute amounts of 
sample are required and the technique provides high resolution for lipophilic toxins 
separations. The preferred CE technique for lipophilic toxins with a limited aqueous 
solubility is micellar electrokinetic capillary chromatography (MECC), in which a 
surfactant is added to the running buffer. The surfactant helps to dissolve low polarity 
substances, minimises wall interactions and achieves separations of non-ionic 
compounds. The only published application of CE to OA is an MECC-UVD method 
(Bouaïcha, et al., 1997). Detection limit and specificity are limited in this case due to 
the poor UV extinction coefficient of the analyte. 
 
3.3. AZP: AZASPIRACIDS 
 
3.3.1. INTRODUCTION 
 
AZP is the most recently discovered human toxic syndrome associated with shellfish. 
(Ito, et al., 1997; James, et al., 2000). This syndrome emerged in the Netherlands as the 
cause of severe gastrointestinal illness in humans after consumption of mussels (Mytilus 
edulis) from Ireland. These mussels had previously been passed as safe for consumption 
by the DSP mouse bioassay. As a result of subsequent research, a new group of toxins 
named AZPs were found to be the causative compounds (Satake et al., 1998b). 
Originally, Protoperidinium crassipes was identified as the causative agent (James et 
al., 2000; James et al., 2003a), however, subsequent studies conducted by Tillman and 
colleagues indicated that a small photosynthetic thecate dinoflagellate named Azadinium 
spinosum is the progenitor of AZA toxins and P. crassipes is only a vector (Tillman, et 
al., 2009).  
Since its first discovery in Irish mussels, the development of facile sensitive and 
selective LC-MS/MS methods has resulted in the discovery of AZA in other countries 
and in other species. Thus, AZAs have been found in shellfish harvested throughout 
Europe (De Schrijver, et al., 2002; James, et al., 2004; James et al., 2000; James, et al., 
2002; James, et al., 2008; Magdalena, et al., 2003a; Twiner, et al., 2008; Vale, et al., 
2008; Vale, 2004), North-west Africa (Taleb, et al., 2006) and Chile (López-Rivera, et 
al., 2010). In relation with seafood, presence of AZAs has been recorded in crabs 
(Torgersen, et al., 2008), oysters, scallops and clams (Furey, et al., 2002; Furey, et al., 
2003; Magdalena, et al., 2003b). Mice studies indicate that this toxin class can cause 
serious tissue injury, especially to the small intestine, and chronic exposure may lead to 
the development of lung tumours. A reasonable deduction from such data is that AZA 
may present a greater risk during times when DSP toxins are co-occurring in shellfish 
because DSP has been shown to be a tumour promoter and AZA is a tumour initiator. 
Studies also show that tissue recovery is very slow following exposure. These 
observations suggest that AZA is more dangerous than the other known classes of 
shellfish toxins [91].  
 
3.3.2. CHEMISTRY 
 
AZAs are nitrogen-containing polyether toxins that are comprised of a unique spiral 
ring assembly containing a heterocyclic amine (piperidine) and an aliphatic carboxylic 
acid moiety. These toxins were called azaspiracids (AZAs) because of their spiro ring 
assemblies (Satake et al., 1998b). Their molecular masses are around 840 Da. The 
differences between them are due to the methylation of C8 and C22, and to the 
hydroxylation of C3 and C23. AZAs are less polar than what would be expected from 
the presence of an amine and a carboxylic acid, because these two functions appear to 
form an intramolecular ion pair. They are soluble in organic solvents but unstable in 
some of them, such as chloroform, under slightly alkaline conditions, and or during 
chromatography on silica based supports (James et al., 2000). In 1997, a second 
poisoning incident happened in Arranmore Island (County Donegal, Ireland) and two 
AZA analogues were identified, namely AZA2 (8-methylazaspiracid) and AZA3 (22-
demethylazaspiracid) (Ofuji, et al., 1999). Subsequently, two further analogues were 
found in mussels, namely AZA4 (3-hydroxy-22-demethylazaspiracid) and AZA5 (23-
hydroxy-22-demethyla-zaspiracid) (Ofuji, et al., 2001). James and co-workers 
discovered five new hydroxyl analogues (AZA6–AZA11) (James, et al., 2003b). During 
an instrumental validation study for rapid quantification of AZA1 in complex biological 
matrix, another new analogue (AZA7c) was discovered (Blay, et al., 2003). 
Recently, Rehmann and co-workers used ultra-performance liquid chromatography 
(UPLC) hyphenated with a range of mass spectrometry technologies to uncover the 
existence of five further groups of AZA, namely dihydroxy, carboxy, carboxy–hydroxy- 
and dehydro AZAs, as well as methyl esters of the toxins. The potential number of 
AZAs increased to 32 with their findings (AZA12-AZA32) (Rehmann, et al., 2008). 
 
3.3.3. CHEMICAL METHODS 
 
Mouse and rat bioassays were the first methods used to determine AZA. First, it was 
reported that these methods are non-selective and lack specificity (James, et al., 2001). 
However, a recent study to evaluate the ability of the mouse bioassay to detect presence 
of AZA toxins was conducted by Hess and co-workers concluding that the mouse 
bioassay delivered a high probability of producing a positive response around and 
below the regulatory limit. This indicates that bioassay, although not quantitative, is 
adequate for protection of human health (Hess, et al., 2009).  
Nowadays, mouse bioassays will be replaced by LC-MS for analysis of lipophilic 
toxins. Their use is only allowed during periodic monitoring of production areas for 
detecting new or unknown marine toxins.  
A multi-toxin LC-MS method for OA, PTX AZA and YTX has recently been validated 
by inter-laboratory studies and established as a reference method (EC., 2011) This 
method is  able to detect AZAs at concentrations well below the current regulatory limit 
of 160 µg AZA1 equivalents/Kg shellfish meat.  
AZAs lack a chromophore for detection by liquid chromatography with ultra violet 
absorption (LC-UV) and conditions for fluorescence derivatization are not yet 
established. However, sensitive LC-MS/MS techniques have been developed that are 
routinely used in some laboratories in Ireland, Norway, Germany and New Zealand. A 
problem for the analytical community is the limited availability of reliable calibrants for 
AZAs. Currently a certified standard is only available for AZA1. Quantification of other 
analogues is undertaken through cross-calibration by assuming equal response factors. 
At present, liquid chromatography hyphenated with mass spectrometry is the best 
means for quantitative determination of azaspiracids in the complex matrix of shellfish 
(Draisci, et al., 2000; Quilliam, et al., 2001). Multiple tandem MS methods for the 
determination of AZAs have been developed using triple quadrupole instruments 
(Draisci et al., 2000; Volmer, et al., 2002) and ion-trap instruments (Blay et al., 2003; 
Furey et al., 2002; James et al., 2003b; Lehane, et al., 2002). Eleven AZAs were 
separated on a C18 column prior to MSn identification (James et al., 2003b; Lehane, et 
al., 2004). However, chromatographic resolution is not necessary in LC-MSn methods, 
if the structural differences between analogues are understood; AZA1–AZA10 were 
determined without the need for complete chromatographic separation. Using LC-MS3 
where the isomers were resolved using prescribed mass selection it was possible to 
select unique productions for each azaspiracid (James et al., 2003b; Lehane et al., 2002; 
Lehane et al., 2004). Fux and co-workers (2007) developed an ultra-performance liquid 
chromatography (UPLC)–MS/MS method to determine 21 lipophilic marine toxins 
including AZA1, using pre-selected precursor–production m/z combinations an analysis 
time of 6.6 min was reported (Fux et al., 2007). Rehmann and collaborators (2008) used 
UPLC combined with Q-TOF MS/MS for the successful determination of known and 
new azaspiracid analogues in blue mussels, the group also employed an API 4000 
QTrap system in their investigations (Rehmann, et al., 2008). 
 
3.4 PALYTOXINS 
 
3.4.1. INTRODUCTION 
 
Although Palytoxins (PLTXs) were first associated with ciguateric fish poisoning 
(CFP), recent evidence suggests that this group of toxins should be excluded from CFP 
toxins (Ballantine et al., 1988; Kodama et al., 1989). 
PLTX is one of the most poisonous non-protein substances known to date. It was first 
isolated and purified from corals belonging to the family Zoanthidae, order Zoantharia 
and phylum Coelenterata (Moore et al., 1971). This zoanthid was subsequently 
identified as Palythoa toxica (Walsh, et al., 1971). It was also found in other zoanthids 
such as Palythoa tuberculosa, Palythoa mammilosa and Palythoa caribeaorum 
(Attaway, et al., 1974; Beress et al., 1983; Kimura et al., 1973) in different locations. 
The toxin was subsequently identified worldwide in many marine organisms ranging 
from fish to microalgae (Munday, 2008).  
This toxin and its analogues have become a global concern due to their effects in 
animals and especially in humans. In this sense, human fatalities arising from 
consumption of seafood suspected to be contaminated with PLTX have been reported 
after consumption of crab (Alcala et al., 1988), sardine (Onuma et al., 1999), smoked 
fish (Kodama, et al., 1989), groupers (Taniyama, et al., 2002) and parrotfish (Okano, et 
al., 1998). One of the most commonly reported complications arising from consumption 
of these fishes appears to be rhabdomyolysis (Deeds, et al., 2010). Symptoms 
associated with palytoxin exposure vary greatly depending upon the exposure route. 
Mortalities in humans have only occurred due to ingestion but a variety of additional 
non-lethal symptoms have been observed upon ingestion: dermal, ocular and 
inhalational exposure in humans. Systemic PLTX effects have been reported through 
dermal contact with marine aquarium zoanthids (Deeds et al., 2010; Hoffmann, et al., 
2008), including an unusual case of inhalation exposure (Majlesi, et al., 2008). Many 
other anecdotal evidences of intoxications related with aquarium zoanthids can be found 
in online marine aquarium forums (Deeds et al., 2010). 
In recent years, Ostreopsis ovata blooms in the Mediterranean region were found to 
cause respiratory illnesses due to inhalation of aerosols released during such blooms 
(Bottalico, et al., 2002; Ciminiello, et al., 2006a; Sansoni, et al., 2003; Simoni, et al., 
2004; Simoni, et al., 2003). The most alarming phenomenon occurred in summer 2005 
along the Genoa coasts (Italy) when, concurrently with a massive bloom of O. ovata, 
hundreds of people showed symptoms of serious respiratory distress after exposure to 
marine aerosols. Putative palytoxin and ovatoxin-a were identified as toxins produced 
by O. ovata (Ciminiello et al., 2006a; Ciminiello, et al., 2008).  
There is no recognized official method to date for the determination of this toxin. Each 
laboratory, according to its ability, develops its particular methodology, through a 
combination of methods, analytical and/or biological testing in order to confirm the 
presence/absence of PLTX in a sample. Moreover there are no regulations on PLTX-
group toxins in shellfish, either in the EU, or in other regions of the world. Recently, a 
provisional limit of 30 µg/Kg shellfish for the sum of PLTX and its analogue ostreocin-
D was proposed by the European Food Safety authority (EFSA, 2009). Several 
published methods exist for the determination of PLTX, but none of them have been 
formally validated in inter-laboratory validation studies, probably due to the lack of 
certified standards and certified reference materials for this group of toxins. Little is 
known about the real consequences that these toxins may have on coastal communities 
despite the obvious acute biological impact of PLTXs. There are ongoing attempts to 
develop a validated assay for rapid, sensitive and specific detection of PLTXs because 
of human health risks. None of the PLTX determination methods are able to meet all 
requirements per se, and so a combination of fast and confirmatory methods still seems 
to be the most appropriate approach for monitoring purposes. 
 
3.4.2. CHEMISTRY 
 
The PLTX-group toxins are complex polyhydroxylated compounds with both lipophilic 
and hydrophilic areas. They are white, amorphous, hygroscopic solids, which have not 
yet been crystallized. They are insoluble in non-polar solvents such as chloroform, 
ether, and acetone, are sparingly soluble in methanol and ethanol and soluble in 
pyridine, dimethyl sulfoxide and water. Their structure was elucidated by two 
independent groups, one led by Professor Hirata in Japan (Uemura et al., 1985) and the 
other by Professor Moore at Honolulu in the United States (Moore, 1985).  
Due to their two chromophores, PLTX-group toxins exhibit an ultraviolet (UV) 
absorption spectrum with a λmax at 233 and 263 nm. This characteristic UV profile is 
used to verify the presence of the toxin by LC separation with Diode Array Detection 
(Noguchi, et al., 1987). 
At least 8 different PLTX analogues are known: PLTX, ostreocin D, ovatoxin-A, 
homopalytoxin, bishomopalyloxin, neopalytoxin, deoxypalytoxin and 42-
hydroxypalytoxin(Uemura et al., 1985), (Ciminiello, et al., 2009). Chemical structure 
has only been characterised for PLTX (Cha, et al., 1982), ostreocin-D (Ukena, et al., 
2001) and 42-hydroxypalytoxin (Ciminiello et al., 2009).  
Some palytoxin-like compounds have been identified from various Ostreopsis spp. 
especially, ostreocin-D, which was isolated from O. siamensis and structurally 
elucidated by NMR (Ukena, et al., 2002; Ukena et al., 2001; Usami, et al., 1995). 
Others such as mascarenotoxins and ovatoxin-a were identified based only on MS 
evidence, as palytoxin-like compounds, from Ostreopsis mascarenensis (Lenoir, et al., 
2004) and Ostreopsis ovata (Ciminiello et al., 2008) respectively. 
 
3.4.3. CHEMICAL METHODS 
 
Chemical determinations are mainly based on a prior separation and later detection of 
analytes. Liquid chromatography (LC) with ultraviolet (UV) or fluorescence (FLD) 
detection is widely used in laboratories. However, thin layer chromatography (TLC) is 
not widely used at present, and is restricted to isolation and purification processes. 
 
3.4.3.1. HPCE-UV and LC-UV 
UV detection has been applied in separations by means of capillary electrophoresis (CE) 
(Mereish, et al., 1991) and LC (Riobó, et al., 2006). There are no reports on LC-UV 
methods for quantitative determination of PLTX and analogues in shellfish samples 
probably due to interferences presented in the biological matrix that notably diminish 
method sensitivity (Noguchi et al., 1987). It is unlikely that they could be routinely used 
for regulatory monitoring of PLTX and its analogues in shellfish tissues. On the other 
hand Lenoir et al., 2004 analyzed the toxically active n-butanol soluble extract from 
cells of Ostreopsis mascarenensis from a natural bloom in the South-western Indian 
Ocean. Comparison of both, retention time and UV-spectra, obtained with sample and 
reference PLTX by LC-UV coupled with DAD, enabled verification of the presence of 
two different PLTX analogues called mascarenotoxin-A and -B. However, the 
methodology based on UV detection is unsuitable for shellfish analysis because of the 
strong matrix effect. 
 
3.4.3.2. LC-FLD It is widely recognized that the LC-FLD methods are much more 
sensitive than the LC-UV methods. Therefore, Riobó and collaborators (Riobó et al., 
2006) took advantage of the presence of the one amino terminal group in the PLTX 
molecule and established a pre-column derivatization method for the separation and 
quantification of PLTX. They derivatized the molecule using the derivatization reagent 
6-aminoquinolyl-N-hyroxysuccinimidylcarbamate (AccQ) followed by reverse-phase 
LC analysis with FLD detection (λex 250 nm and λem 395 nm). This method is suitable 
for determining and quantifying PLTX toxins in samples of benthic dinoflagellates of 
the genus Ostreopsis (Riobó et al., 2006) and also in shellfish samples (Riobó 
unpublished). Results correlated well with those obtained through haemolysis assay. 
Instrumental LOD for derivatized PLTX was 0.75 ng standard injected. The principal 
advantages of the LC-FLD method are: that it is simple, low cost and it can be 
automated. However, LOD and limit of quantification (LOQ) information in shellfish 
tissues is unavailable. 
 
3.4.3.3. LC–MS Different LC–MS methods have been used for identifying and 
quantifying the PlTX-group of toxins in seawater and phytoplankton (Ciminiello et al., 
2006a; Ciminiello et al., 2008; Lenoir et al., 2004; Penna, et al., 2005; Riobó et al., 
2006). Presence of the PLTX-group of toxins in samples is confirmed by the presence 
of the m/z 327 fragment ion, the bi-charged ion m/z 1340 and/or the tri-charged ion m/z 
912. Another characteristic in the MS spectrum of PLTXs is the cluster generated by 
multiple losses of water molecules.  
The main advantages of the LC–MS methods are: they are fast, sensitive–if high 
resolution MS instruments are used, capable of screening and measuring PLTX group 
toxins individually, provide information on the profile of PLTX-group toxins and can be 
automated. However, they require costly equipment and highly trained personnel. 
Further research into the development of such methods is essential for future application 
in routine testing of shellfish tissues for the PLTX-group of toxins. In the last few years, 
the LC-MS method developed by Ciminiello et al. for combined detection of palytoxin 
and ovatoxin-a (Ciminiello et al., 2006a; Ciminiello et al., 2008) has been employed 
within monitoring programmes of O. ovata for determining toxin content of seafood 
samples collected along the Italian coasts (ARPAC, 2008). LC-MS analyses were 
carried out on a triple quadrupole MS in MRM mode. The obtained results indicated the 
presence of ovatoxin-a in most mussel samples is in the range of 303–625 mg/kg, which 
is well above the provisional limit for palytoxins of 250 mg/kg, proposed by the 
Community Reference Laboratory for Marine Biotoxins in the course of the 1st Meeting 
of Working Group on toxicology of the national reference laboratories (NRLs) for 
Marine Biotoxins (Cesenatico, Italy, 24–25 October, 2005), or to the tolerance limit of 
30 mg/kg suggested by the European Food Safety Authority (EFSA, 2009). 
LC-MS may also become the preferred technique to be used within monitoring 
programmes carried out in a regulatory setting because it is fast and sensitive, and 
furthermore can be automated and permits screening and quantitation of palytoxins that 
can be individually measured in various matrices (plankton, seawater and seafood). 
However, routine LC-MS analysis of palytoxins in real samples is still at a preliminary 
stage. An important drawback is the lack of certified reference standards of palytoxin 
and its analogues, which are difficult to obtain in acceptable amounts. This will have to 
wait until a large scale culture of Ostreopsis spp. can be performed and efficient 
isolation procedures of the produced toxins are developed. Quantitation is presently 
carried out based on the tentative assumption that palytoxin-like compounds show the 
same molar response as palytoxin itself. However, even limited structural features in 
large molecules such as palytoxins could significantly impact their ionization efficiency. 
Additionally, none of the proposed LC-MS methods (Ciminiello et al., 2006a; 
Ciminiello et al., 2008; Lenoir et al., 2004; Penna et al., 2005; Riobó et al., 2006) has 
been currently validated and, in some cases, fully developed. 
 
3.5. CIGUATOXINS 
 
3.5.1. INTRODUCTION 
 
Ciguatera (CFP) is considered to be the most common type of marine biotoxin food 
poisoning worldwide. According to De Fouw (2001), as many as 10,000-50,000 
individuals are affected annually, while Fleming (1998) estimates the global number of 
poisonings among 50,000-500,000 per year (De Fouw, et al., 2001; Fleming, et al., 
1998). This syndrome is rarely fatal but some neurological effects can last long (for 
months). Clinical manifestations appear 2-30 hours after consumption of ciguateric fish. 
Intoxication symptoms are the principal means of diagnosis and distinction of CFP from 
other types of ichtyosarcotoxaemias. The disease is characterised by gastrointestinal, 
neurological and cardiovascular disturbances.  
Some characteristic neurological symptoms of ciguatera are dysesthesia (inversion of 
the sensation between cold and hot) and paresthesia (trouble of sensitivity in the 
extremities). In severe cases, fatalities occur due to cardio-respiratory failure.  
Although several treatments for ciguatera intoxication have been implemented with 
more or less success, there is no clear therapy available yet. Administration of manitol 
at the earliest possibility after CFP intoxication seems to be the most efficient therapy 
(Palafox et al., 1988; Blythe et al., 1994).  
Dinoflagellates of the genus Gambierdiscus were identified as the producers of toxins 
responsible for CFP. These dinoflagellates grow epiphytically on macroalgae in coral 
reef environments of tropical and subtropical areas. It mainly produces maitotoxins 
(MTXs) whose role in CFP appears to be minor, and to a lesser extent CTXs which are 
really responsible for CFP intoxications. CTXs arise via biotransformation in fish of 
less polar ciguatoxins (gambiertoxins) which are produced by these dinoflagellates. This 
microbial biomass is ingested by herbivorous fish, which accumulate the toxin in their 
musculature, liver, and viscera and in turn are preyed upon by carnivorous fish that 
concentrate, amplify and modify the toxin. Carnivorous reef fish pass it up the food 
chain and the toxin ultimately reaches humans.   
More than 425 species of fish are associated with CFP in humans, but generally only a 
relatively small number of species are regularly associated with ciguatera. The most 
common fish involved are barracuda, red snapper, grouper, amberjack, sea bass, 
surgeonfish, and moray (eel). Ciguateric fish look, taste and smell normal, and detection 
of toxins in fish therefore continues to be a problem. More than 20 precursor 
gambiertoxins and ciguatoxins have been identified in G. toxicus and in herbivorous and 
carnivorous fish. The toxins become more polar as they undergo oxidative metabolism 
and pass up the food chain.  
 
3.5. 2. CHEMISTRY 
 
CTXs are lipophylic polyethers with a molecular weight of about 1110 Da. The 
molecule consists of 13-14 rings fused by ether linkages into a rigid ladder-like 
structure. They are odourless and tasteless. CTX1B (C60H86O19) was the first CTX fully 
described by Murata et al. (1989) (Murata, et al., 1989). The total synthesis of CTX3C 
has been reported by Hirama and co-workers in 2001(Hirama, et al., 2001). 
At least 20 congeners from the Pacific (P-CTXs), having slight modifications in their 
lipophilicity have been described. The main CTXs in the Pacific areas are P-CTX-1, P-
CTX-2 and P-CTX-3, and they are present in fish in different relative amounts (Lehane 
et al., 2000; Lewis, 2001; Lewis, et al., 1991). Structural modifications are mainly seen 
in both termini of the toxin molecules and mostly by oxidation (Lehane, et al., 2000; 
Lewis et al., 1991; Murata, et al., 1990; Satake, et al., 1998a; Satake, et al., 1997a; 
Satake, et al., 1993b; Satake, et al., 1993a).  
Legrand et al. (1998) (Legrand, et al., 1998), have described two families of CTXs 
(types 1 and 2) based on number of carbons and structure of the E ring. Type-1 CTXs 
include CTX1B, CTX4A and CTX4B and Type-2 CTXs include CTX3C and CTX2A1. 
Other ciguatoxins described with different structure and biological activity are CTXs 
from the Caribbean (C-CTXs) (Lewis, 2001; Sauviat, et al., 2002) and multiple I-CTXs, 
from the Indian Ocean (Hamilton, et al., 2002b).  
 
3.5.3. EXTRACTION PROCEDURES 
 
Several methodologies have been used for the isolation of CTX from fish extracts and 
G. toxicus cultures. In case of cultures, procedures are quite simple and fast. For 
example, in the protocol developed by Murata et al., (1990) (Murata et al., 1990) 
extraction is performed with acetone followed by chromatographic purification steps 
which involves the use of five different columns: fluorisil, ODS, Toyopearl HW-40, RP 
Develosil ODS-7 and RP Asahipak ODP-50. Chinain and co-workers (Chinain, et al., 
2010) used a protocol for isolation and extraction of CTX from cultures based on the 
previous procedure recommended by Satake et al. (1993) (Satake et al., 1993a). In this 
case extraction is first performed with methanol and then in 50% aqueous methanol. 
The extract is later evaporated and partitioned between dichloromethane and 60% 
aqueous methanol. CTXs are recovered in the dichloromethane soluble fraction.  
The process of toxin recovery and purification from fish is quite complex and slow. It is 
estimated that a minimum of 2-3 days may be required. There are several protocols 
published to date for CTX extraction and liquid-liquid partition steps. The suitability of 
each protocol may be considered according to the type of sample to be analyzed or the 
objective of the research. 
Yasumoto et al. (1984) (Yasumoto, et al., 1984b) developed an extraction procedure 
followed by several liquid-liquid partition steps. This involves extraction of CTXs from 
240 g of fish flesh using 700 mL of acetone. The extract is evaporated and then purified 
by two liquid: liquid partition steps involving water: diethyl-ether 90%. Diethyl-ether is 
evaporated and then partitioned between 90% aqueous methanol and hexane. Aqueous 
methanol is collected and then evaporated to near dryness. The final extract can then be 
re-suspended in acetone and preserved at –20°C. 
Pauillac et al. (1995) (Pauillac, et al., 1995) present a simple protocol using a double 
extraction of 100 g of fish flesh with acetone, that gives an extract of approx. 2 g  (after 
evaporation) followed by a liquid: liquid partition with dichloromethane (CH2-Cl2) and 
methanol in water (80%). The methanol-water phase is discarded, the dichloromethane 
phase containing CTXs is evaporated and the extract is used. 
Legrand et al. (1998) (Legrand, et al., 1998) present a simplified protocol that involves 
acetone extraction followed by two liquid-liquid partitions. The first one between 
water:diethyl ether and the second between cyclohexane:methanol 80%. CTXs are 
recovered from the methanolic phase. This extract is subsequently pre-purified by Low 
Pressure Chromatography (using Florisil, Sephadex LH-20 and Sep-Pak C18) and 
finally purified by High Performance Liquid Chromatography. 
 
3.5.4. CHEMICAL METHODS 
 
3.5.4.1. LC-FLD methods 
CTXs do not possess a suitable chromophore for selective spectroscopic detection but 
some analogues contain a relatively reactive primary hydroxyl group through which 
(after appropriate clean-up) a fluorescent label can be attached prior to detection. In a 
preliminary study Yasumoto and co-workers (1993) used fluorescent 1-anthroylnitrile 
for derivatising CTX prior to LC separation and fluorescence detection. The authors 
concluded that further work is required to develop efficient cleanup procedures 
(Yasumoto, et al., 1993). This method was subsequently used to detect CTXs in fish 
after derivatization with fluorescent reagents (Yasumoto, et al., 1995). Dickey et 
al.(1992) derivatized CTX-1 using a coumarin-based fluorescent reagent but the yield of 
derivatized CTX-1 did not provide a LOD at µg/Kg levels (Dickey, et al., 1992). There 
are no reports of more recent development of LC- fluorescence methods. 
 
3.5.4.2. LC-MS/MS methods 
LC-MS/MS allows specific detection of individual analogues of P-, C- and I- CTXs 
(Hamilton, et al., 2002a; Hamilton et al., 2002b; Lewis, et al., 1999; Pottier, et al., 
2002b; Pottier, et al., 2002a). Lewis, 2001 was able to determine toxins from crude fish 
extract but for quantification of clinically relevant levels, the LOD had to be lowered 
towards a concentration of 0.1µg/Kg or less. The capability to reach this LOD could be 
demonstrated for P-CTX-1 by using an enrichment step like solid phase extraction 
(SPE) prior to MS detection (Lewis, et al., 2009). This method was slightly modified by 
(Stewart, et al.) and is established as a reference analysis method by the public health 
laboratory for the State of Queensland, Australia. LOD was determined to be 0.03 
µg/Kg fish flesh with an average recovery of 53% (range 27-75%) for various kinds of 
spiked fish species (n=10). 
The validation status of the method is quite restricted due to the lack of certified 
standards and reference materials and availability of limited amounts of contaminated 
material for method development. 
 
3.6. NSP: BREVETOXIN 
 
3.6.1. INTRODUCTION 
 
Brevetoxins (BTXs) are potent polyether neurotoxins produced by the marine 
dinoflagellate Karenia brevis. This dinoflagellate is responsible for the most prevalent 
harmful algal blooms (HAB) in the Gulf of Mexico and has caused periodic blooms 
along the US Atlantic Coast, as far north as North Carolina. Blooms of other BTX-
producing algal species (including Karenia and Chattonella spp.) have been reported 
throughout the world but are not as well characterized as those of K. brevis in the Gulf 
of Mexico. A unique characteristic of K. brevis blooms is the associated airborne 
(aerosolized) toxin component. Toxins are released into the water as cells rupture 
increasing the amount of extra-cellular toxins as a bloom progresses (Pierce, et al., 
2005). Bubbles from breaking waves transport toxins to the sea surface where they are 
ejected into the air as jet and film drops from the bursting bubbles (Pierce et al., 2005). 
Onshore winds carry the toxin-containing aerosols on to the beach causing respiratory 
irritation in humans and other mammals along the shore (Cheng, et al., 2005; 
Kirkpatrick, et al., 2004; Pierce et al., 2005). BTXs can cause significant mortalities of 
fish and other aquatic animals, including marine mammals, through direct exposure 
during harmful algal blooms, or indirectly in the food web (Baden, et al., 1995; Poli, et 
al., 1986). Many filter-feeding molluscs are known to accumulate BTXs with no 
obvious adverse effects. However, BTXs in shellfish do pose a significant human health 
risk. Consumption of BTX-contaminated molluscan shellfish causes neurotoxic 
shellfish poisoning (NSP). Symptoms and signs of NSP are mainly gastrointestinal (e.g., 
abdominal pain, nausea, vomiting, diarrhoea) and neurological (e.g., ataxia, myalgia, 
paresthesia, and reversal of temperature sensation). Symptoms develop within minutes 
to hours after consumption of contaminated shellfish, and resolve within a few days. In 
severe cases, urgent medical care is required, while no human fatalities of NSP have 
been recorded. Treatment is mainly palliative.  
Currently there are no regulations for BTX-group toxins in shellfish or fish in Europe. 
However, some countries in other regions of the world have set action levels or 
maximum levels. The action level in the USA is 20 mouse units (MUs)/100 g (0.8 mg 
BTX-2 equivalents/Kg shellfish). In New Zealand and Australia the maximum level for 
BTX-group toxins is 20 MUs/100 g, but the BTX analogue is not specified. Shellfish 
and fish analysis for this group of toxins is complicated due to the fact that BTX-2 and 
BTX-3 are the only commercially available certified reference standards. 
None of the current methods of analysis to determine BTXs in shellfish and fish have 
been formally validated in inter-laboratory studies. 
 
3.6.2. CHEMISTRY 
 
BTXs constitute a suite of lipid-soluble, cyclic polyether compounds that are tasteless, 
odourless, and heat-stable. They are stable compounds, resistant to heat and steam 
autoclaving. Both acid and alkaline hydrolyses can lead to reversible lactone ring 
opening of the BTX-molecule and alkaline hydrolysis proceeds faster than acid 
hydrolyses (Hua, et al., 1999). Structural characterization of BTXs as originally isolated 
from K. brevis showed two distinct backbone structural types (Lin, et al., 1981; 
Shimizu, et al., 1986). Backbone structure of A-type BTXs consisted of ten trans-fused 
ether rings, while that of B-type showed eleven. 
BTXs are further distinguished by their side chains (tail regions). PbTx-1(A-type) and 
PbTx-2 (B-type) possess identical side chains, terminating in a highly reactive a,b-
unsaturated aldehyde group. 
PbTx-1 and PbTx-2 are believed to be the parent algal toxins from which others are 
derived (Baden, et al., 2005). Numerous analogues and derivatives have been identified 
in K. brevis blooms and cultures, including products of reduction, oxidation, and 
hydrolysis. 
PbTx-2 is by far the most abundant BTX produced y K. brevis, while PbTx-1 is the 
most potent. Evidence suggests that polar BTX derivatives of PbTx-1 and PbTx-2 may 
be formed extra-cellularly in K. brevis (Abraham, et al., 2006; Pierce, et al., 2008). 
PbTx-1 and PbTx-2 dominate the BTX profile in cell-rich fractions of K. brevis blooms 
and cultures, while their polar derivatives abound in bloom water filtrate. Filter- feeding 
molluscan shellfish are thus exposed to complex mixtures of intra-and extra-cellular 
BTXs in K.brevis blooms. 
 
3.6.3. EXTRACTION PROCEDURES 
 
Extraction of BTXs from molluscan shellfish is challenged by matrix complexity and 
varied physico-chemical properties of metabolites. PbTx-2, which is extensively 
metabolized in several shellfish species, is also poorly recoverable from spiked shellfish 
homogenates (Ishida, et al., 2004; Plakas, et al., 2002). Data suggest that PbTx-2 
rapidly and irreversibly binds to, or reacts with, constituents in shellfish tissues, in a 
concentration dependent manner (Plakas, et al., 2002). Metabolites formed in vivo were 
not found in vitro when homogenates were extracted within minutes of spiking with 
PbTx-2 (Plakas et al., 2002). With longer incubation times, polar derivatives of PbTx-2 
were detected in spiked oyster homogenates by ELISA, but were not characterized 
structurally (Naar, et al., 2004). 
Acetone and methanol are useful solvents for extraction of BTX metabolites in 
shellfish. As verified by LC–MS and ELISA analyses, acetone extracts best reflect the 
full spectrum of BTXs present in shellfish. Methanolic solutions may be more suitable 
for analysis of polar BTX metabolites. PbTx-3, BTX-B5, and BTX-B1 were generally 
well extracted in 80% methanol from New Zealand shellfish (Ishida, et al., 2006; Ishida 
et al., 2004; Nozawa, et al., 2003). Wang and collaborators (2004) discussed various 
sample preparation methods to improve recovery and reduce matrix interferences for 
BTXs in shellfish (Wang, et al., 2004). 
Stability of incurred BTX residues in shellfish and their analytical standards is an 
important consideration in methods development and validation. Naturally incurred 
residues of PbTx-2, PbTx-3, BTX-B5, and BTX-B1 were stable in shellfish tissues 
under freezer storage for one year (Ishida et al., 2004).  
On the other hand, marine aerosol samples can be collected with high volume air 
samplers fitted with glass fibre filters. BTXs in marine aerosol are recovered from filters 
by extraction for 12 h in acetone using a Soxhlet apparatus. Extracts are then evaporated 
and transferred to vials in methanol for LC-MS analysis (Pierce et al., 2005). 
Extraction of BTXs from seawater is achieved by passing the seawater though a C-18 
solid phase extraction disk under vacuum according to the procedure described by 
Pierce et al (2003) (Pierce, et al., 2003). The C18 disks are then rinsed with reverse 
osmosis water and eluted with methanol for their analysis.  
 
3.6.4. CHEMICAL METHODS 
 
Mass spectrometry provides unambiguous identification, based on structural features of 
individual BTX congeners. LC-MS/MS methods have been extensively used for 
characterization and determination of the BTX-group of toxins in shellfish, fish and 
algae (Dickey, et al., 1999; Hua, et al., 2000; Hua, et al., 1995; Ishida et al., 2006; 
Ishida et al., 2004; Nozawa, et al., 2003; Plakas et al., 2002; Wang, et al., 2009; Wang 
et al., 2004). 
Differences observed in ionization, fragmentation, and matrix effects warrant the need 
for having analytical standards for each toxin in order to apply LC–MS methods for 
quantifying individual BTXs. Only a few metabolite standards are currently available 
commercially. Most promising applications of LC–MS are for confirmation of BTXs in 
shellfish, and for monitoring specific BTXs as markers of composite toxin burden and 
toxicity. 
Hua and Cole (2000) (Hua et al., 2000) described diagnostic ions for the A- and B-type 
BTX backbone structures, by using LC–MS/MS with electrospray ionization (ESI). 
Wang et al. (2004) (Wang et al., 2004) presented mass spectra for the more abundant 
brevetoxin metabolites in Eastern oyster. Ishida et al. (2004b, 2006) (Ishida et al., 2006; 
Ishida et al., 2004) described an LC–MS/MS selected reaction monitoring (SRM) 
method, ESI positive and negative ion modes, for determination of major BTX 
metabolites in New Zealand shellfish. 
At present, none of these methods have been formally validated in inter-laboratory 
studies. Another important disadvantage for their use is the lack of standards and 
reference materials (EFSA, 2010a). 
 
4. TOXINS WITH NO EFFECTS DEMONSTRATED IN HUMANS 
 
4.1. YTX GROUP 
 
4.1.1. INTRODUCTION 
 
Yessotoxins (YTXs) are disulphated polycyclic polyether toxins. The lead compound, 
YTX was isolated for the first time in Mutsu Bay, Japan, in 1986 from the digestive 
glands of the scallop Patinopecten yessoensis, from which the toxin acquired its name 
(Murata, et al., 1987). DTX-1 and DTX-3 were also isolated and the three toxins were 
therefore tentatively included in the DSP family. However, YTX was subsequently 
found in mussels collected from different parts of the world. The real producers of these 
toxins are the algal dinoflagellates Protoceratium reticulatum (Satake, et al., 1997b), 
Lingulodinium polyedrum (Armstrong, et al., 2006; Paz, et al., 2004) and Gonyaulax 
spinifera (Rhodes, et al., 2006). YTXs accumulate in shellfish and are toxic to mice 
only through peritoneal injection (Aune, et al., 2002; Tubaro, et al., 2003). This fact led 
the EU to remove the YTX group from the DSP complex even though YTXs had 
traditionally been included within the DSP (EC, 2002). It is now regulated separately  
since they neither cause diarrhoea, (Ogino, et al., 1997; Tubaro, et al., 1998; Tubaro et 
al., 2003) nor inhibit protein phosphatases, (Ogino et al., 1997; Paz, et al., 2008b) 
implying that they are not tumour promoters.  
 
4.1.2. CHEMISTRY 
 
The planar structure of YTX was determined using nuclear magnetic resonance 
spectroscopy (NMR) and mass spectrometry (MS) which revealed a molecular formula 
of C55H82O21S2Na2 (Murata et al., 1987). Besides YTX, about 100 analogues have 
been reported to date from bivalves or dinoflagellates (Miles, et al., 2005), although 
only the structure of about forty of them have been identified by NMR and/or LC-
MS/MS techniques (Ciminiello, et al., 2007a; Miles, et al., 2006). Typically their 
molecular weight ranged between 955 and 1551 mu (Ciminiello, et al., 2000; Miles et 
al., 2005; Miles et al., 2006; Satake, et al., 1996). As is usually the case for marine 
toxins, some YTXs are directly produced by dinoflagellates while others are produced 
by shellfish metabolism. Most YTXs found in dinoflagellates are derived from 
P.reticulatum. The first YTX analogue identified in this algae was 45,46,47-trinor-YTX 
(=norYTX), isolated from a strain of P. reticulatum collected in Yamada Bay,Japan 
(Satake, et al., 1999). It was also found later in Norway (Samdal, et al., 2004). 
In spite of the high number of analogues found in molluscs, the most abundant one is 
typically 45-hydroxy-YTX, followed by carboxy-YTX. Initial results from the 
metabolism of YTXs in molluscs indicated that both YTX and homo-YTX are probably 
oxidized to 45-OH-YTX and 45-OHhomo-YTX respectively (Yasumoto, et al., 1997). 
More recent studies indicate that molluscs rapidly oxidize YTX to 45-OH-YTX and 
more slowly to carboxy-YTX. Recent studies did not find 45-OH- YTX, or carboxy-
YTX in dinoflagellates (Miles et al., 2005; Paz, et al., 2007b; Samdal et al., 2004). 
 
4.1.3. CHEMICAL METHODS 
 
The chemical methods used to determine YTXs are essentially liquid chromatography 
with fluorescence detection (LC-FLD) or coupled with mass spectrometry (LC-MS): 
 
4.1.3.1 Liquid chromatography with fluorescence detection (LC-FLD): This method 
is extensively used for the qualitative and quantitative analysis of YTXs both in 
molluscs and microalgae (Ramstad et al., 2001b). It is based on determination of a 
fluorescent derivative of the toxin obtained by pre-column derivatization using 
dienophile reagent 4-(2-(6,7-dimethoxy-4-methyl-3-oxo-3,4dihydroquinoxalimylethyl)-
1,2,4- triazoline-3,5-dione (DMEQ-TAD). A clean-up of the sample using solid phase 
extraction (SPE) cartridges is required prior to analysis, in order to eliminate 
interferences. The fluorogenic reagent reacts with the conjugated diene in the side-chain 
and, as a consequence, this method can only detect YTX, 45-OH-YTX, trinor-YTX 
(Yasumoto et al., 1997), desulfo-YTX (Daiguji, et al., 1998), homo-YTX, 45-OHhomo-
YTX and G-YTXs (Paz, et al., 2006). Other analogues such as carboxy-YTX, diOH-
YTX, and noroxo-YTX or adriatoxin without the diene moiety cannot be detected by 
LC-FLD. The fluorescent adduct gives two diasteroisomeric peaks due to the formation 
of both C-42 epimers in a 3:1 ratio for YTX (Yasumoto et al., 1997). YTX analogues 
elute at different retention times and therefore the use of toxin standards is essential for 
toxin identification. Weaknesses of this method are that the detection of new analogues 
are limited to the presence of a conjugated diene, and that it is difficult to distinguish 
between analogues with similar retention times, such as YTX and homo-YTX (Paz et 
al., 2007b). On the other hand, advantages are that it is a very sensitive method with a 
linear response (0.4-6 mg/Kg), requires relatively low-cost equipment, is affordable to 
many labs and is faster than the mouse bioassay.  
 
4.1.3.2 Liquid chromatography coupled with mass spectrometry (LC-MS): 
currently this is the most powerful analytical tool used to identify multiple toxins. This 
technique has several advantages, such as its high sensitivity and selectivity. 
Additionally, collision experiments (MS/MS) can provide valuable structural 
information for confirming toxin identities, as well as for identifying new toxins. It does 
not require complex derivatization and purification steps needed for LC-FLD methods. 
It is possible to analyze all YTXs, even those derivatized with DMEQ-TAD (Paz et al., 
2006), and also different algal toxins. In fact, several multi-toxin detection methods are 
available (Stobo et al., 2005). However, just like in the case of other chemical methods, 
calibration standards are needed for method development and toxin quantification. LC-
MS methods can provide relevant information on the presence of compounds related to 
a known structure, even if the toxin standard is available only for one relevant toxin of 
the group. The main disadvantage of this technique is that the equipment is expensive. 
Several specific LC-MS methods have been developed for YTX detection, which 
basically differ in the mobile or stationary phase used or the electrospray mode selected 
(positive or negative) (Ciminiello, et al., 2002; Draisci, et al., 1999a; Draisci et al., 
1998; Fernandez_Amandi, et al., 2002; Goto, et al., 2001). Most methods use negative 
ion mode detection because YTXs easily lose a proton from the sulphate group. The 
fragmentation of YTX is achieved easily even when low collision energies (C.E.) are 
used and the loss of the sulphate group and subsequent fragmentation of the unsaturated 
side chain are characteristic (Ciminiello et al., 2002). An ultra-performance liquid 
chromatography mass spectrometry (UPLC) method has been recently developed  by 
Fux et al., 2007.  
Analyses of YTXs must currently be carried out by means of LC-MS multi-toxins 
method, since this is the recognized official method for lipophilic toxins (EC., 2011). 
 
4.1.3.3 Capillary electrophoresis with UV/MS detection: This is an analytical method 
designed as an alternative to LC-FLD for the determination of YTXs. It shows high 
resolution and small amounts of sample are required. When coupled with MS 
instrumentation, it allows confirmation of the presence of YTXs in samples (De la 
Iglesia, et al., 2007). 
 
4.2. PTX GROUP 
 
4.2.1. INTRODUCTION 
 
Pectenotoxins (PTXs) are a family of polyether macrolide toxins, first isolated from the 
digestive glands of the scallop Patinopecten yessoensis, cultivated in Japan (Yasumoto 
et al., 1985). However, the dinoflagellate Dinophysis fortii (Draisci, et al., 1996; Lee, 
1989) was initially identified as the real producer of these toxins. More recently PTXs 
have also been found in D. acuminata (MacKenzie et al., 2005), D. acuta (Suzuki, et 
al., 2003), D. caudata (Fernández, et al., 2006), D. rotundata and D. norvegica. 
Moreover, PTXs were detected in samples of heterotrophic dinoflagellates 
Protoperidinium divergens, Protoperidinium depressum, and Protoperidinium crassipes 
(Miles, et al., 2004a). PTXs have been included within the DSP group, as they are often 
found in combination with OA in shellfish (Creppy, et al., 2002; Miles, et al., 2004b). 
However, just like in the case for YTXs there is a great debate about whether these 
toxins should be classified as DSP toxins or not. Some research groups found diarrhoeic 
effects (Ishige, et al., 1988) while others did not find evidence of that (Edebo, et al., 
1988; Terao, et al., 1986). In the light of the above, there are authors who have 
proposed to remove PTXs from the DSP group (Burgess, et al., 2001).  
 
4.2.2. CHEMISTRY 
 
PTXs group toxins are heat stable polyether macrolides, isolated from shellfish and 
from dinoflagellates of the genus Dinophysis. To date, 15 analogues have been isolated 
and characterised. Several such PTXs are derived from a parent PTX, which is 
metabolized within shellfish (Yasumoto and Murata, 1993). Their common structural 
features include a spiroketal group, threeoxolanes, a bicyclic ketal and a six- member 
cyclic hemiketal (Allingham, et al., 2007). The most commonly found PTX in algae is 
PTX-2 (Draisci et al., 1996) and it is also suspected to be the main precursor, from 
which many PTXs are derived through biotransformation during metabolism in the gut 
of bivalves.  
Only four PTXs have been identified as actual biosynthetic products of the algae, these 
are PTX-2, PTX-12, PTX-11 and PTX-13. Other PTXs seem to be either product of 
shellfish metabolism or artefacts (Blanco et al., 2005). 
PTXs are easily destroyed under strong basic conditions and they are also labile under 
acidic conditions which transform them into the seco acid forms (PTX-SA) in shellfish. 
Wilkins, et al., 2006, recently reported the identification of fatty acid esters of PTX- 2-
SA. These fatty acid derivatives resemble what had been reported for OA/DTXs (Marr 
et al., 1992), BTXs (Morohashi, et al., 1995), and SPXs (Aasen, et al., 2006). All these 
esters appear to be metabolites produced by bivalves because they have never been 
observed in phytoplankton (Aasen et al., 2006). 
 
 
 
4.2.3. CHEMICAL METHODS 
 
Some chemical methods developed for analysing PTXs involved fluorescence detection 
and mass spectrometry. 
 
4.2.3.1. Liquid chromatography with fluorescence detection (LC-FLD): This is an 
alternative inexpensive method to LC/MS, however its use for PTXs detection is not 
widespread among researchers. 
Lee and co-workers developed some methods for determining DSP toxins by LC using 
fluorescence labelling. They derivatized toxins having a primary hydroxyl group to 
fluorescent esters by using 1-anthroyl nitrile (AN). This work sheds light on anthroyl 
nitrile derivatives of PTX1 (AN-PTX1) and PTX4 (AN-PTX4) (Lee, et al., 1989). 
Yasumoto and colleagues took advantage of a conjugated diene in the macrolide 
skeleton of PTX2,  and developed an analytical method that uses pre-column reaction 
fluorescent LC by means of the dienophile reagent DMEQ-TAD (Sasaki, et al., 1999). 
The method was successfully applied to microalgae samples.  
 
4.2.3.2 Liquid chromatography coupled with mass spectrometry (LC-MS/MS): At 
present, the method that appears to be most promising is high-performance liquid 
chromatography in combination with tandem mass spectrometry (LC–MS/MS) (These, 
et al., 2009). Mass spectrometry has been applied for lipophilic toxins for almost 20 
years (Fux et al., 2007; Pleasance et al., 1990a; Quilliam, 1995; Stobo et al., 2005; 
Suzuki et al., 2005; These et al., 2009).  
A multi-toxin-method covering the same analyte range would be required, in order to 
replace bioassays. In this sense, several multi-toxin methods, including PTXs, have 
been published (Gerssen, et al., 2009a; Gerssen et al., 2009b; These et al., 2009). A 
multi-toxin LC-MS method for detecting marine biotoxins in live bivalve molluscs was 
recently accepted as the reference method for detecting lipophilic toxins (See 3.2.3.2 
section in this Chapter) (EC., 2011). 
 
4.3. CYCLIC IMINES GROUP: SPIROLIDS, GYMNODIMINES, PINNATOXINS 
AND PTERIATOXINS 
 
4.3.1 INTRODUCTION 
 
Cyclic imines (CIs) were discovered in shellfish during the last few decades. This group 
includes spirolids (SPXs), gymnodimines (GYMs), pinnatoxins (PnTXs) and 
pteriatoxins (PtTXs). Although no reports of human illness due to CIs have been 
identified, they nevertheless must be taken into account since they show acute toxicity 
in mice upon intraperitoneal injection of lipophilic extracts. Mice die rapidly when they 
are present in shellfish at elevated levels. Therefore, they may interfere with the mouse 
bioassay of other lipophilic toxins such OA, BTX, YTX and AZAs.  
SPXs are pharmacologically active macrocyclic imines that were first isolated and 
characterized from lipophilic extracts of scallop and mussel viscera harvested from 
aquaculture sites in Nova Scotia, Canada (Hu, et al., 1995; Hu, et al., 1996). Since 
1994, SPXs have been found in high concentrations in bulk plankton samples on an 
annually recurring basis, during spring and early summer, at these sites (Cembella, 
1998).  
GYMs are the smallest molecules of the group. They were first isolated and 
characterized from lipophilic extracts of oysters harvested in New Zealand. Their name 
comes from the dinoflagellate Gymnodinium which was originally supposed to be the 
toxin producer (Seki, et al., 1995). Later, it was demonstrated that Gymnodinium 
identification was wrong and the really producer is the dinoflagellate Karenia 
selliformis (Haywood, et al., 2004). 
PnTXs present a chemical structure which most closely resembles that of the SPXs. In 
1995 a finding of the first PnTX analogue (PnTX A) was reported in Japanese shellfish 
(Uemura, et al., 1995). The organism producing PnTXs has not yet been identified but 
has been described as a peridinoid dinoflagellate (Rhodes, et al., 2010).  
PtTXs are polyether macrocycles which are almost structurally identical to PnTXs. 
These toxins have only been detected in molluscs and it has been suggested that they are 
biotransformation products of PnTXs in shellfish (Selwood, et al., 2010). 
In all cases, the biological activity of undescribed cyclic imine toxins was first 
recognized via their ‘fast acting toxicity’ that caused rapid death to mice upon 
intraperitoneal injection, and also for having a high oral potency with apparent 
neurotoxic symptomatology, but the mode of action is currently unknown. No 
regulatory limits have been established for any of the macrocyclic imines and they are 
assumed to be “safe for human consumption” until proven otherwise since there are no 
evidences of human intoxication cases (EFSA, 2010b). 
 
4.3.2. CHEMISTRY 
 
SPXs, GYMs, PnTXs and PtTXs are macrocyclic compounds with imine (carbon-
nitrogen double bond) and spiro-linked ether moieties. All of them are soluble in 
organic solvents such as methanol, acetone, chloroform and ethyl acetate. 
SPXs are the largest of the known cyclic imine subgroups, comprising twelve 
structurally distinct variants found among various strains of marine dinoflagellates 
(Aasen, et al., 2005a; Ciminiello, et al., 2007b; Hu, et al., 2001; Hu et al., 1995; Hu et 
al., 1996; Krock, et al., 2007; Mackinnon, et al., 2006; Sleno, et al., 2004). Based on 
their chemical structure they can be divided into three types.  
The first type includes those SPXs that have 6-5-5-polyether ring system in addition to 
the heptacyclic imine ring. They are SPXs A, B, C, D,13-desmethyl SPX C (=SPX 1), 
13-19-didesmethyl SPX C,13-desmethyl SPX D and 27-hydroxy 13-19-didesmethyl 
SPX C.  
The second type has the same polyether ring system as the first type but where the 
heptacyclic imine ring has transformed into a keto amine. This type comprises SPX E 
and F which are shellfish metabolites of SPX A and SPX B, respectively. 
The third type includes SPX G and its analogue 20-methyl SPX G. Both of these have a 
heptacyclic imine ring and an unusual 5-5-6-trispiroketal ring system unseen in other 
marine biotoxin groups. 
GYMs, with a molecular weight of around 500 Da, are the smallest molecules among 
the CIs group. The molecule has a six-member imino ring and their macrocycle contains 
only 16 carbon units and one ether bridge. They are soluble in acetone and ethyl acetate. 
At present, there are three analogues described GYM A, B and C (Miles et al., 2000; 
Miles, et al., 2003; Seki et al., 1995; Stewart, et al., 1997). 
PnTXs are the CIs that are most closely related in structure to SPXs. These compounds 
are soluble in ethanol and ethyl acetate at neutral pH. The different analogues vary 
slightly in the polyether ring system (6-5-6) and in an additional bicyclic ether moiety in 
the macrocycle, which is absent in SPXs. At present there are seven analogues 
described with molecular weights ranging from 693 to 783 Da, which differ in the 
length of their cyclohexenyl side chains. They are named PnTX A, B, C, D, E, F y G. 
The latest results suggest that the novel PnTX F and G are progenitors of all the known 
PnTXs and PtTXs that are produced via metabolic transformation in shellfish (Selwood 
et al., 2010). 
PtTXs are almost structurally identical to PnTXs, except for their cyclohexenyl side 
chain, which ends in a cysteine moiety. Like Pn TXs, they have only been detected in 
shellfish. A distinguishing characteristic of this group of toxins is the presence of one 
free carboxylic group at the cyclohexenyl side chain, whereas all other CIs form 
lactones. At present there are three analogues described: PtTX A (MW 830.5) and the 
other two analogues are epimers at the C-34 named PtTX B and C (MW 844.5) 
(Takada, et al., 2001). Like PnTXs, they are soluble in ethanol and ethyl acetate at 
neutral pH and moreover are water soluble at both low and high pH. 
 
4.3.3. CHEMICAL METHODS 
 
CIs lack chromophores and therefore detection of these compounds by optical methods 
is hindered due to their very unspecific UV spectra and very slow sensitivity. Recently, 
a reversed-phase LC-UV method was developed for routine analysis of GYMs in 
shellfish (Marrouchi, et al., 2010). UV detection at wavelength 210 nm was used to 
detect GYM A and B in clam samples. No other LC method with optical detection 
techniques for CIs was identified in the literature. In contrast, mass spectrometric 
detection is both highly sensitive and specific, especially because the imino function is a 
very good proton acceptor, and results in very high ion yields and provides the 
corresponding high sensitivity. Consequently, all detection methods for CIs are based 
on mass spectrometry, where the SPXs are the most intensively studied for developing 
analytical methods (Aasen et al., 2005a; Álvarez, et al., 2010; Cembella, et al., 1999; 
Ciminiello, et al., 2006b; Fux et al., 2007; Gerssen et al., 2009a; Gerssen et al., 2009b; 
MacKenzie, et al., 2002; Selwood et al., 2010; Takada et al., 2001; Villar González, et 
al., 2006). 
 
5. CONCLUSION 
 
Adequate method validation is essential to maintain and improve the quality of testing 
for marine biotoxins in seafood. Although formal collaborative studies should be 
conducted where possible, only a few such studies for new marine biotoxin methods 
have been completed to international standards.  
The main objective in the marine biotoxins monitoring programs is to ensure the food 
safety. Bearing this fact in mind, decisions about the analyzed samples should be 
supported by both chemical and biological methods. Both of these methods are 
complementary since the chemical methods provide structural information from the 
toxins and biological methods provide information on the toxic potency of the sample. 
The imperative to reduce reliance on mouse bioassays is a strong argument for use of 
validated instrumental methods. However certified reference materials are not available 
for all regulated toxins. This is a suitable long-term goal, but its achievement is a huge 
and never-ending task due to the wide and increasing range of toxins and analogues. On 
the other hand new toxins may go unnoticed by chemical methods while the bioassays 
have potential to determine the presence of new toxins.  
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